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ABSTRACT. The mean monthly wind vectors at 850, 500 and 150 hPa levels over Thiruvananthapuram
(TRV) and Madras (MDS) for August and September have been subjected to stepwise screening. The objective
is to develop a scheme capable of providing an outlook of northeast monsoon rainfall of Tamil Naau in
the beginning of October. A multiple regression scheme of six predictors has been identified. The schemz  de-
veloped from 28-year data performed well when tested in an independent five- year period.
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1. Introduction

Northeast monsoon season (October-December) is the
main rainy season of the State of Tamil Nadu. It accounts
for about 47 %, of the annual rainfall of 101 ¢m of Tamil
Nadu. The coefficient of variation of rainfall is 27°%
which testifies to the fairly large interannual variation of
rainfall. This emphasises the importance of advance
prediction of the quantum of northeast monsoon rain.
Doraiswamy lyer (1941) and Raj (1989) (the latter one
will be henceforth referred as 1) made some attempts for
foreshadowing the northeast monsoon rainfall of Tamil
Nadu. In ‘I' mean monthly wind vectors at various isob-
aric levels of several stations of India for June-Scptembar
were correlated with the subsequent October-December
rainfall of Tamil Nadu and some parameters which had
predictive value were identified, based on the data avail-
able upto 1983. The techique used was simple linear re-
gression. The constraints involved in developing multiple
regression equations where mainly the non-availability
of the data for some years for almost every predictor.
However, such constraints could be overcome by proper
application of statistica! techniques.

The predictors identified in °I" are : Jodhpur
September 100 hPa meridional. Nagpur September
100 hPa zonal.fand Thiruvananthapuram August-
September 150 hPa zonal wind components. The last
parameter proved to be most promising predictor
and exhibited a fairly high correlation coefficient
(CC) of 0.77. The other two parameters identified
were based on small samples only. Indian northeast
monsoon, esentially being a sub-regional phenomenon.
with Tamil Nadu its major beneficiary flanked between
two radio wind stations, viz., Madras (MDS) in the
north and Thiruvananthapuram (TRV) in the south, a

*Present nﬂ'\liation : Regicnal Meteorological Centre, Madras.

thorough screening of the upper winds of these two
stations during August-September, to evolve a multiple
regression scheme appéared to be a worthwhile exercise.

2. Data

The mean monthly winds at MDS and TRV for three
levels 850, 500 and 150 hPa (representing lower, middle
and upper troposphere) for the months of August & Sep-
tember were collected for the 33-year period 1958-1990.
Upper wind data for higher levels for the above stations
are available from 1958 only. Data for 1958-1964 and
1983-1990 were extracted from the publication *Monthly
Climatic Data for the World'; for 1965-1982 data were
obtained from National Data Centre, Meteorological
Office. Pune. The data were thoroughly scrutinized and
in case of doubtful data, the veracity was checked and
the correctness corroborated from an alternative source
(such as departmental records. daily weather charts etc).
The rainfall data of Tamil Nadu for 1958-1990 were
obtained from the Hydrometeorological Section,
Meteorological Office, Pune. The 28-year period 1958-
1985 was kept as the developmental period and subse-
qent 5-year period 1986-1990 as the test period.

Whereas upper wind data were available for every year
for August and September at 850 and 500 hPa levels, they
were missing for 150 hPa level for some years. Table |
lists such years. As presence of missing data points in a
multiple regression scheme will cause complications, the
gaps were filled up by making use of intercorrelation
between TRV and MDS wind vectors. The winds were
resolved into their zonal and meridional components
and the CCs based on developmental sample were
computed between the MDS and TRV series, e.g.,
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MDS, August 150 hPa zonal wind data were correlated
with those of TRV, Augusi 150 hPa zona! wind. Four
CCs thus resulted which were all positive, viried between
0.40 and 0. 59 und significani at 5%, lovel, The resress’on
equaiions were construcied and the missing values esti-
mated. It could be seen that fur August 1960 data were
missing for both TRV and MDS and so normal values
were substituted. A complete data set of August and
September zonal and meridional winds for TRV and
MDS at 850, 500 and 150 hPalevels for 1958-1990 was
thus obtainea.

3. Analysisofdata

3.1. From the resolved series of zonal and meridional
components of winds the mean of Augustand September
values was computed and unother secies fur August-
September got generated. Similarly, computations of
mean of TRV and MDS resulted in another set of series.
Thus a total of 534 series resulted (stations, TRV, MDS.
TRV & MDS for months Aveust, Sepiember, Auvguct-
September at 850. 500, 150 hPa zonal meridional winds
for 1958-1990).

3.2. In a multiple regression scheme, the direct CC
between the potential predictor and tie predictand (here
Octuber-December Tamil Nadu raiafall) need not always
be the dominant lactor. Even a potential predictor with
a (direct) CC of zero could find a place in such scheme.
This aspect has been lucidly explained by Kendall and
Stuart (1968). Generally the predictors ure selected by
the so called “stepwise forward screening’ (WMO 1966).

3.3. It is quite obvious that for the series stated above
is to be used in a stepwise screening scieme, August &
September series could be combined. TRV and MDS
series could be combined but not August with August-
September or TRV witih TRV & MDS mean. The
possible combinations for screcning are presented  in
Table 2. which are 16. The number of predictors avail-
able for each set is also indicated. For exumple TRV -
August has 6 predictors, viz., the zonal and meridional
winds at the three levels chosen: whereas TRV & MDS-—
August & September has 24 predictors  which are
TRV — August 6, TRV —Sepiember 6, MDS - August

6, MDS — September 6. thusa total ol 24

3.4. Each ol the 16 sets of possible predictors was
subjected to stepwise screening using the devclopmenlal
period data only. After the choice of tie first predictor
the next parameter wiich corresponded to the largest
additional vari: nce explained was chosen as the second
predictor and the sequence was continued till the extra
variance explained was insignificant at | %, level or when
the number of predictors selected reacihed 8. The m ultiple
CC, standard error, regression coefficients, partial CCs
were also computed. Based on the regression equation the
performance of the various schemes selected was tested in
the independent sample based on the data of 1986-1990
and the results were critically evaluated.

3.5 it was found that the sets based on August-
September (ie¢.. mean of August and September)
predictors were more reliable. Some systems vyielded
very high multiple CCs of up to 0.88 but comp!etel&' broke
down during the test period. Some systems yielded
very low CCs and had to be discarded. There was only
one system which yiclded reasonably high CC and
performed well in both the samples. This system had
six predictors which are : TRV zonal 850, 500 and
150 hPa, TRV meridional 150 hPa and MDS zonal 850
and 500 hPa winds. all for August-September. The
system yielded a multiple CC of 0.70 explaining 48.5°
of the total variance with a standard error of estimate
as 187, The results of screening and other details are
presenied in Table 3. The performance of the regression
cquation has been presented in Fig. 1. in the test period
of 1986-1990, the system hus correctly predicted the de-
ficiency of rainfall in 1986 and 1988. The maximum error
i5 20.4 %, only and the mean error during 1986-1990 is
only 10.5%. much less than the standard error of 18°
suggested by the system. Since 1980 the Oct.ber-Dec-
ember rainfall of Tamil Nadu has generally been below
normzl and the estimated forecast values “during 1981-
1990 have been by and lurge consistent with this feature
also.

The first predictor chosen which is the TRV August-
September zonal 150 hPa wind, had a CC of 0.48 with
the .predictand. This parameter was identified as a
leading parameter in I Though the fairly high CC-
obtained in 1 (0.77 during 1957-1980. based on 17-vear
data) has not prevailed. the difference is within “the
sampling limits
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FABLE 1

with no data for 150 hPa level

Month TRV MDS
August 1960 1959,60.62.62
September 1950,51 1962

TABLE 2

Various series available for screening and No. of
predictors available against euch series

Statio
R Siufm_, |
Month TRV MDS TRV & MDS TRV & MDS
(Combined) (Mean)
Aug 6 6 12 6
Sep O 6 12 G
Aug & Sep 12 12 24 12
combingd
Aug & Szp O 6 12 6
mean
TABLE 3
Multipie regression scheme
Mean
value of
Predictor Variance Rzgression the predic-
explained coefficient tor(in

mp-)
TRV ZO 150 hPa TZI 23.4 5.4 —29.2
TRV ZO 500 hPa TZ5 4.7 11.5 1.9
MDS ZO 500 hPa MZ5 6.2 —il.4 2.6
MDS ZO 850 hPa MZ3 3.4 10.8 6.3
TRV ZO 850 hPa TZS 23 8.4 9.2
TRV ME 150 hPa TMI 1.5 —2.0 —4.4
Total variance 48.5

ihd. |

Constant term of the
regression equation

(Note : Allthe predictorsare based on Aug-Sepdata)

4. Interpretation of the regression equation in meteorological terms
The multiple regression equation of Table 3 can be
written as (notation as in Table 3) :
Rainfall (expressed as percentage departure from
normal)

- 5,4(TZ1+-29.2) -11.5(TZ5 —1.9)—11.4(MZ5
_2.6)4-10.8 (MZ8 — 6.3) —8.4(TZ8 — 9.2)
_2.0(TM1-+4.4).

=5.4 TZI-11.5 TZ5 —11.4 MZ5 - 10.8 MZ8
—8.4 TZ8 —2.0 TM14-164.1.

Each term ol the above cquation is individually
positive if ;

(i) TRV zonal 150 hPa (easterly) wind is weaker
(than normal),

(if) TRV zonal 500 hPa wind is stronger,

(iii) MDS zonal 500 hPa wind is weaker,

(iv) MDS zonal 850 hPa wind is stronger,
(v) TRV zonal 850 hPa wind is weaker, and

(vi) TRV meridional 150 hPa (northerly) wind is
stronger.

From the mean valees computed and presented in
Table 3, we find that the (normal) vorticity generated by
the zonal wind in the region TRV-MDS is positive at
850 hPa. Thus (iv) and (v) would correspond to a
negative anomaly of zonal vorticity, being generated in
TRV-MDS at 850 hPa. At 500 hPa, however, the normal
vorticity in the same region is negative and (if) and (iii)
correspond to higher amount of generation of negative
vorticity. Condition (/) corresponds to disintegration of
casterly jet stream over the extreme south Peninsula
during the latter half of summer monsoon. This feature
was touched up in I also. Condition (vi) occurs when
there is higher northerly component in the easterly jet
stream. Conditions (i)-(vi) correspond to positive
departure of rainfall. The complements of (i)-(vi)
will correspond to negative cdepartures and can be
similarly interpreted.

5. Conciusion and discussion

The system idzntificd, based on the six predictors
selzcted by screening regression could be used to obtain
wn cutlook on northzzst monsoon rainfall of Tamil Nadu
ai the baginning of the scason, As inevery such scheme:
the correlation cocflicients do change with time and so
the equation may require the periodic updating.




2
|3
e

References

Doraiswamy Iver, V., 1941, India Met. Dep. Sci. Notes, B, 98

Kendall, M.G. and Stuart, A., 1968, The Advanced Theory of
Staristics Griffin, London, Vol. 1I, pp. 278-274.

RAl et al.

Rai, Y.E.A., 1989, Statistical relations belween winter monsoon
rainfall and the preceding summer monsoon,” Mausam, 40,
I, pp. 51-56.

WMO, 1966, Statistical Analvsis and Prognosis in  Meteorology *
Tech. Note No. 71.




